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INTRODUCTION 
Fixed Orthodontic Treatment is the most preferred and common method for 
treating malocclusion, as people give more importance to their appearance. Direct 
bonding of orthodontic attachments on etched enamel surfaces has been clinically 
successful in fixed orthodontic treatment. After the completion of orthodontic 
treatment debonding is done to clear away all the attachments and adhesive resins 
from tooth surface without causing much enamel damage and to restore the enamel 
surface as close as possible to its pretreatment condition. During this procedure 
enamel loss or irreversible enamel damage might occur7. 
 
Different techniques has been recorded in debonding to achieve minimal 
iatrogenic damage which includes scraping with a scaler or band removing plier and 
removal of remnants with a tungsten carbide bur in a contra angle hand piece, sof Lex 
disc11. It is incumbent upon the clinician to select modalities which cause least 
amount of enamel scarring and enamel loss. The most frequent technique for 
debonding in orthodontics is to use burs in conjunction with a polishing disc and 
subsequently a polishing paste13. Zachrisson and Buyukyilmaz63 indicated 30,000 rpm 
is an optimal speed for resin removal without damage. Studies have revealed that 
rotary instruments may alter  enamel surface by causing deep scratches or enamel 
loss47. These alterations involve upto 55 µm enamel loss, increased roughness and 
therefore more susceptible to demineralization and discolouration4. 
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As enamel cannot restore itself, synthetic apatite’s like conventional 
hydroxyapatite (cHAP) and amorphous calcium phosphate (ACP) have been 
suggested to repair the damaged enamel due to their closed chemical similarities to 
enamel structure1. Their repairing properties like adsorption to enamel surfaces are 
compromised as these materials show different dimensions and morphological 
characters.  
 
It has been documented that regular clinical application of fluoride gel was 
found to be effective to avoid loss of enamel32 . Flouride also contribute to repair of 
micro structural defects49. 
 
Recently Nanohydroxyapatite (NHAP) has been proposed as a new 
remineralization alternative. It has been discovered that by reducing the particle size 
down to nano range the remineralisation process could be amplified40. Indeed due to 
increased surface to volume ratio and the interaction as well as adhesion of nano 
particles with tooth could be improved. Various studies have evaluated the effect of 
nanohydroxyapatite on enamel remineralisation and its preventive potential on 
demineralization36.  
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New toothpaste stimulated the scientific discussion on possible novel 
application of nano technologies on their  safety, efficiency and action mechanisms . 
However literature on this object especially comparing the effect of nano particles 
and fluoride on tooth surface roughness is extremely scarce. Hence this present study 
was planned to evaluate the effect of nanohydroxyapatite and fluoride dentrifice in 
reducing the enamel surface roughness after orthodontic treatment.  
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AIM AND OBJECTIVES 
 
 
AIM OF THE STUDY 
 
To assess the effectiveness of Nanohydroxyapatite dentrifice and fluoridated 
dentrifice on enamel roughness after orthodontic debonding. 
 
OBJECTIVES 
 
1. To assess the effect of Nanohydroxyapatite dentrifice on enamel roughness 
after orthodontic debonding using Noncontact 3D profiler. 
2. To assess the effectiveness of fluoridated dentrifice on enamel roughness after 
orthodontic debonding using Noncontact 3D profiler. 
3. To compare the effectiveness of Nanohydroxyapatite dentrifice and 
fluoridated dentrifice on enamel roughness after orthodontic debonding. 
  
 
 
 
 
 
 
 
Review of literature 
Review of literature 
 
 Page 5 
 
REVIEW OF LITERATURE 
 
STUDIES RELATED TO ENAMEL SURFACE AFTER DEBONDING 
 
John Gwinnett, Gorelick17 (1977) mentioned that enamel is a heterogeneous 
tissue composed of sub microscopic crystallites embedded in a sparse organic matrix. 
Its special biophysical and micromorphological characteristics predispose it to many 
and varied abrasion anomalies. Enamel may frequently show gouging in addition to 
scratching and grooving. In order that these abrasion anomalies produced in enamel 
can be eliminated. It is necessary to decrease the size of anomaly by the sequential 
use of abrasives of decreasing particle size. For unfilled and lightly filled resins, the 
simplest, most conservative method and least traumatic to enamel in debonding 
consisted of judicious use of hand instruments and pumice. Where necessary, this 
may be augmented with a cooled, medium, green rubber wheel. In case of heavily 
filled resins, the use of cooled green rubber wheel abrades very little enamel while 
producing fine scratches that are readily removed with pumice. 
 
Brown and Way5 (1978) in the article published in AJO mentioned that the 
techniques required in the removal of highly filled composite adhesives at the end of 
orthodontic treatment on an average cause more loss of enamel than removal of an 
unfilled polymethylmethacrylate adhesive and the amount of enamel lost during the 
removal either adhesive may be of clinical significance because of the removal of 
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major part of the protective fluoride rich layer of enamel and the use of zirconium 
silicates on a rotating bristle brush may cause considerable abrasion of enamel. 
 
Zachrisson and Artun62 (1979) investigated about the enamel surface and 
mentioned that the quality of enamel surfaces after debonding of orthodontic brackets 
was assessed under clinical and experimental condition by means of stereo 
microscopy. The most adequate results were obtained with tungsten carbide bur. This 
tool operated at low speed produced the finest scratch pattern and least enamel loss 
and it was superior in accessibility to developmental grooves and other difficult to 
reach areas.  
 
Samir E. Bishara and Timothy S. Trulove2,3 (1990) did an investigation 
using three debonding techniques – conventional, ultrasonic and electro thermal to 
remove three types of brackets. They mentioned that there was no evidence of enamel 
damage in their study. But combination bond failures occurred with significantly 
greater frequency for the brackets debonded by the recommended techniques. Their 
results pointed to the need for a careful approach to a bracket removal by the 
clinician, to minimize the potential for enamel damage. 
 
Keith V. Krell, James M. Courey, Samir E. Bishara24 (AJO 1993) in their 
investigation about orthodontic bracket removal using conventional and ultrasonic 
debonding techniques and enamel loss proved that the enamel loss as a result of 
Review of literature 
 
 Page 7 
 
orthodontic bracket removal is minimized by first removing the bracket with the 
debonding pliers, followed by ultrasonic removal of residual composite. 
 
K. Zarrinnia, N.M. Eid, MJ Kehoe64 did a study in 1994. The purpose of 
their invitro study was to evaluate the enamel surface structure subjected to various 
techniques of debonding orthodontic attachments and to develop a technique for 
residual adhesive removal that restores the enamel surface as closely as possible to its 
original condition. Enamel surface structure was examined with a scanning electron 
microscope. Results of this study showed the bracket removing plier produced the 
most consistent separation at the bracket adhesive interface, leaving the enamel 
surface intact. Carbide burs at high speed and air coolant proved to be efficient in 
residual resin removal, but when used alone failed to produce a satisfactory enamel 
surface. After the complete removal of residual resin, different graded Sof-Lex 
finishing disc produced surfaces that could be readily restored post receiving a final 
polish by a rubber cup and Zircate paste. 
 
Campbell7 (AO 1994) examined the enamel surfaces of extracted teeth with a 
scanning electron microscope following debonding of orthodontic attachments and 
subsequent polishing and said that scarring of enamel following debonding was 
inevitable.  
 
Senvinc & Beyza47 (AO 2010) published an article on enamel surface 
roughness after debonding. They compared two different burs, Eight bladed tungsten 
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carbide bur and a Fiber reinforced composite bur. After resin removal, evaluation of 
the smoothness of enamel surface via atomic force microscopy analysis that uses 
multiple mechanical scans in high resolution was done. They concluded that 
composite bur creates smoother surface compared with a carbide bur even smoother 
than the original surface. 
 
Brian J. Webb4 et al (2015) investigated surface roughness of enamel after 
debonding and instrumentation with commonly used methods where majority of the 
respondents used a generic bracket removing plier to remove attachment under high 
speed hand piece for adhesive removal. The difference in enamel surface roughness 
with 12, 16, 20 fluted carbide burs were compared via surface profilometry. The 
results showed large variation in debonding and polishing technique. Creating a 
smooth enamel surface was equally possible with 12 or 20 fluted burs and further 
polishing with pumice and prophy cup does not provide an enamel smoother surface. 
 
Erdur13 et al (2016) evaluated the surface roughness of enamel after 
debonding with various types of burs which included tungsten carbide burs in low 
speed, high speed and stain buster settings. Three types of burs used for finishing 
methods reveal significant difference in enamel surface where high speed burs caused 
maximum roughness and stain buster bur caused a minimum roughness values in all 
three parameters (Ra, Rz and Rq).  
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STUDIES RELATED TO EFFECT OF CPP-ACP ON ENAMEL SURFACE 
ROUGHNESS 
 
 
E.C. Reynolds44, (1997) Conducted an in vitro study to evaluate the effect of 
CPP-stabilized calcium phosphate solutions on remineralisation potential on 
subsurface lesions in human third-molar enamel. Solutions were used to examine the 
effect of CPP-calcium phosphate concentration on remineralization. Other solutions 
were used to examine the effect of increasing pH, which decreased the concentrations 
of free calcium and phosphate ions and increased the level of CPP-bound ACP. Most 
of the remineralizing solutions were supersaturated with respect to the amorphous and 
crystalline calcium phosphate phases, the solutions were stabilized by the CPP such 
that spontaneous precipitation of calcium phosphate did not occur. After a ten-day 
remineralization period, enamel lesions were sectioned, subjected to micro 
radiography, and the mineral content determined by micro densitometry.  
Remineralization was not significantly correlated with either the CPP-bound ACP or 
the degrees of saturation for hydroxyapatite, octacalcium phosphate, or ACP. 
However, remineralization was significantly correlated with the degree of saturation 
for dicalcium phosphate and he concluded that the CPP, by stabilizing calcium 
phosphate in solution, maintain high-concentration gradients of calcium and 
phosphate ions and ion pairs into the subsurface lesion and thus effected high rates of 
enamel remineralization.  
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Lennon Á.M.29 et al (2004) The study was done to determine whether a tooth 
cream containing casein/calcium phosphate (CasCP) protects enamel against erosion. 
Sixty bovine enamel specimens were prepared for profilometry and distributed into 
five groups. Specimens were rinsed with artificial saliva interrupted by 1% citric acid 
(pH 2.3) for 30 s 6 times daily for 14 days. Group 1 was not treated (control); in 
group 2  CasCP was applied for 120 s twice daily; in group 3  250 ppm fluoride as 
NaF was applied for 120 s twice daily; in group 4  CasCP was applied for 120 s, then 
250 ppm fluoride for 120 s twice daily, and in group 5  amine fluoride (AmF) gel 
(12,500 ppm fluoride) was applied for 120 s twice daily. Differences between groups 
with respect to erosive enamel loss was determined profilometrically after 7 and 14 
days. Specimens treated with AmF gel showed significantly less enamel loss  than 
those treated with CasCP , 250 ppm fluoride , CasCP and 250 ppm fluoride  or with 
no treatment . They concluded that highly fluoridated acidic AmF gel can protect 
enamel against erosion while CasCP, 250 ppm fluoride or a combination of CasCP 
and 250 ppm fluoride provide little protection. 
Glenn Walker15 et al (2006) investigated the capacity of CPP-ACP added to 
bovine milk to remineralize enamel subsurface lesions in situ. Ten subjects drank 
milk containing either 2·0 or 5·0 g CPP-ACP/l or a control milk whilst wearing 
removable appliances with enamel slabs containing subsurface demineralized lesions. 
Each 200 ml milk sample was consumed once a day for each weekday over three 
consecutive weeks. After each treatment and one week rest the subjects crossed over 
to the other treatments. At the completion of the treatments the enamel slabs were 
removed and remineralization determined using micro radiography and 
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microdensitometry. The results showed that all three milk samples remineralized 
enamel subsurface lesions. However, samples containing CPP-ACP produced 
significantly greater remineralization when compared to the control. They concluded 
that that the addition of CPP-ACP/l to milk substantially increased its ability to 
remineralize enamel subsurface lesions. 
 
Kumar VL, Itthagarun A, King NM25., (2008) Evaluated the efficacy of 
CPP-ACP containing Tooth Mousse on the remineralization of enamel lesions and to 
compare its efficacy to that of a fluoride-containing toothpaste. Permanent teeth were 
placed in remineralizing solution for 96 hours to produce artificial caries-like lesions 
120– 200 lm in depth. They were sectioned into 100–150 lm thick samples and 
randomly assigned to five groups: for Group A, a fluoridated toothpaste (1100 ppm) 
was used as a positive control and in the Group B, they have used non-fluoridated 
toothpaste as a negative control. Tooth Mousse containing CPP-ACP was tested by 
three different means: as a toothpaste (Group C); as a topical coating (Group D); and 
(Group E) as a topical coating after the sections were treated with the same 
fluoridated toothpaste as it was in Group A.   They concluded that: (1) CPP-ACP 
decreased lesion depth irrespective of whether or not it was used as a toothpaste or 
topical coating; and (2) CPP-ACP showed higher remineralizing potential when used 
in combination with a fluoridated toothpaste than when used alone. Since additive 
effects were obtained when CPP-ACP is used in conjunction with fluoride. 
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S.E. Langhorst26 et al (2009) This in vitro study explored the efficacy of an 
experimental orthodontic amorphous calcium phosphate (ACP) composite to 
remineralize  subsurface enamel lesions micro radiographically similar to those seen 
in early caries. Lesions were artificially created in extracted human molars. Single 
tooth sections a minimum of 120 μm thick were cut and individually placed in 
holders exposing only the carious enamel surface. The exposed surfaces were either 
left untreated (control) or coated with a 1 mm thick layer of the experimental ACP 
composite (mass fraction 40 % zirconia hybridized ACP and 60 % photo-activated 
resin), or a commercial fluoride-releasing orthodontic cement. The composite-coated 
sections were then photo-cured and micro radiographic images were taken of all three 
groups of specimens before the treatment. Specimens were then cyclically immersed 
in demineralizing and remineralizing solutions for one month at 37 °C to simulate the 
pH changes occurring in the oral environment. Microradiographs of all specimens 
were taken before and after treatment, which indicated higher mineral recovery with 
ACP composites compared to the commercial orthodontic F-releasing cement (14.4 
% vs. 4.3 %, respectively), while the control specimens showed an average of 55.4 % 
further demineralization. Experimental ACP composite efficiently established mineral 
ion transfer throughout the body of the lesions and restored the mineral lost due to 
acid attack. It can be considered a useful adjuvant for the control of caries in 
orthodontic applications. 
Jones Mathias, S Kavitha, and S Mahalaxmi22 (2009), had evaluated the 
surface roughness of enamel after micro abrasion with and without using 
remineralization agents like, CPP-ACP (Casein Phosphopeptide - Amorphous 
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Calcium Phosphate). Thirty anterior teeth were extracted and were randomly assigned 
to two study and one control group. Group A  containing teeth in which only micro 
abrasion was done, Group B  containing teeth in which CPP-ACP (G C Tooth 
Mousse) was applied after micro abrasion for a period of 30 days, once daily for three 
minutes and Group C  in which no preparation was done and which acted as the 
control group. The samples were stored in artificial saliva and evaluated after 30 
days, using surface profilometer. The results showed that the combination of the 
micro abrasion procedure and CPP-ACP application reduced the enamel surface 
roughness significantly, when compared to micro abrasion done alone.  
Widyasri Prananingrum61 (2012), Conducted a study to determine the 
enamel surface roughness treated with CPP-ACP 6 times in 3 days and 28 times in 14 
days. Samples were freshly extracted bovine incisors without abrasion, fracture/crack, 
and caries, which were cleaned and stored in physiological saline for up to 1 week. 
The Samples were divided into 3 groups: control group were done featured etching 
only without treatment with CPP-ACP, treatment group were etched and treated with 
CPP-ACP 6 times in 3 days and treated with CPP-ACP 28 times in 14 days. The 
enamel surface roughness was measured using Surface Roughness Tester. They 
concluded that enamel surface roughness was less in 14 days group than the control 
group and 3 days group. 
Claudio Poggio8 et al (2013) conducted and in vitro study to evaluate the 
effect of CPP-ACP paste on preventing dentin/enamel erosion produced by a soft 
drink; Atomic Force Microscopy and Scanning Electron Microscopy were used. 
Eighty extracted human incisors free of caries were selected and divided into four 
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groups (each divided in two subgroups); group 1a: intact dentin; group 1b: 
dentin + soft drink; group 2a: intact dentin + CCP-ACP paste; group 2b: dentin + soft 
drink + CCP-ACP paste; group 3a: intact enamel; group 3b: enamel + soft drink; 
group 4a: intact enamel + CCP-ACP paste; group 4b: enamel + soft drink + CCP-ACP 
paste. The CPP-ACP paste was applied for 3 min at 0, 8, 24, and 36 h. The surface of 
each dentin/enamel specimen was imaged by AFM (Rrms values were registered) and 
SEM. The results suggested that treatment of the specimens with the CPP-ACP paste 
had a protective effect on enamel demineralization.  
 
 Matteo Ceci34 et al (2015) this in vitro study was done to investigate the effect 
of a casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) paste (GC 
Tooth Mousse- TM, GC Corporation, Tokyo, Japan) on preventing enamel erosion, 
by using Atomic Force Microscopy (AFM). 30 human incisors, were equally assigned 
to 6 groups: intact enamel, enamel + soft drink, enamel + TM, enamel + TM + soft 
drink, enamel + soft drink + TM, enamel + soft drink + TM + soft drink. Parameters 
such as the surface roughness were determined by AFM. The use of soft drink on 
intact enamel has roughened the surface of the sample. The application of the CPP-
ACP paste on non-treated enamel made the surface smoother. A significant decrease 
in roughness was seen after remineralization with CPP-ACP paste. AFM images of 
enamel surface treated with CPP-ACP resulted in less morphological changes of the 
tooth substrate when compared with the only eroded enamel surface morphology, 
thus, indicating that CPP-ACP paste promoted remineralization.  
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             Sule Bayrak52 et al (2017), investigated the effect of a fluoride varnish with 
added casein phosphopeptide-amorphous calcium phosphate treatment on the 
prevention of enamel erosion, and compared the results with those of other fluoride 
varnishes. Specimens were randomly divided into five groups (1) based on the type of 
surface pretreatment used: intact enamel (Group 1); intact enamel+erosive cycles 
(Group 2); intact enamel+MI varnish+erosive cycles (Group 3); intact 
enamel+Clinpro White varnish+erosive cycles (Group 4); and intact 
enamel+Duraphat varnish+erosive cycles (Group 5). The specimens were subjected 
to erosive cycles for five days. The surface roughness was evaluated using atomic 
force microscopy. The results showed Group 1 had the smoothest surfaces. After the 
erosive cycles, the greatest surface roughness values were observed in Group 2, 
followed by Groups 5, 4, and 3, respectively. The different fluoride varnishes that 
were tested were all found to have positive effects on the prevention of enamel 
erosion; however, the fluoride varnish containing CPP-ACP was the most effective in 
increasing the enamel’s resistance to erosion. 
 
 
STUDIES RELATED TO THE EFFECT OF FLUORIDES ON ENAMEL 
SURFACE ROUGHNESS 
 
Damato F.A10 et al (1990) carried out an in vitro pH-cycling experiment to 
investigate the effect of fluoride concentration on enamel demineralization and 
remineralization. Artificial caries lesions were formed in an acid-buffered solution 
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and subjected daily to a 3-hour acid attack, a 5-min immersion in the test NaF 
solution (0, 1,250, 500, 1,000, 1,750 and 2,500 ppm F), and to 21 h in an artificial 
saliva. Changes in mineral content were assessed weekly for 5 weeks using micro 
radiography / micro densitometry. The lesions in the control group (0 ppm F) and the 
1-ppm F group demineralized. Remineralization was significantly higher in the 500-
ppm F group compared to the 250-ppm F group. However, higher fluoride 
concentrations did not produce any further significant increase in remineralization.  
Sorvari R50 et al (1994) the effect of fluoride varnish and solution on initial 
enamel erosion was studied. Enamel specimens prepared from human third molars 
were treated for 24 h with Duraphat varnish (2.26% F) or for 48 h with NaF solution 
(1.2% F), washed, and immersed in cola beverage (pH 2.6) for up to 15 min. The 
surface micro hardness was measured using a Vickers diamond in a Leitz indentation 
apparatus at base-line, after fluoride treatment, and after 1, 5, and 15 min exposure to 
acidic drink. The specimens were then prepared and studied using a JEOL JSM-35 
scanning electron microscope. The results showed that both fluoride treatments 
caused an increase in enamel hardness values and subsequent inhibition of softening. 
The study showed that treatment of enamel with topical fluoride prior to acidic 
challenge can inhibit initial erosion. 
 
 
Vieira A1, Ruben JL, Huysmans MC57, (2005) evaluated the effect of 1 and 
4% titanium tetrafluoride (TiF4) gels, amine fluoride (AmF) 1 and 0.25% and a 
fluoride varnish (FP) on the prevention of dental erosion. Two experimental groups 
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served as controls, one with no pretreatment and another one pretreated with a 
fluoride-free varnish . Dental erosion was modelled using bovine enamel samples 
submitted to alternate cycles of acid exposure in citric acid and remineralization in 
artificial saliva. Calcium loss of all samples involved in the study was quantified by 
atomic absorption spectroscopy and erosion depths were estimated. Significant 
protective effect (p < or = 0.001) was found only for the group pretreated with the 
fluoride varnish. And they concluded that topical applications of the fluoride varnish 
tested had a protective effect on the prevention of dental erosion. 
 
           Reynolds EC45 et al (2008) the aim of this study was to determine the ability 
of CPP-ACP to increase the incorporation of fluoride into plaque and to promote 
enamel remineralization in situ. Randomized, double-blind, cross-over studies 
involved mouth rinses and dentifrices containing CPP-ACP and fluoride. The mouth 
rinses were used for 60 sec, three times/day for 5 days, and supragingival plaque was 
collected and analyzed for F. The dentifrices were rinsed as a water slurry for 60 sec 
four times/day for 14 days in an in situ model. The addition of 2% CPP-ACP to the 
450-ppm-F mouth rinse significantly increased the incorporation of fluoride into 
plaque. The dentifrice containing 2% CPP-ACP produced a level of remineralization 
similar to that achieved with a dentifrice containing 2800 ppm F. The dentifrice 
containing 2% CPP-ACP plus 1100 ppm F was superior to all other formulations.  
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Sherine B Y Badr, Mohamed A Ibrahim49 (2010) conducted an in vitro 
test to assess the effect of acidulated phosphate fluoride gel (APF), sodium fluoride 
varnish (NaF) and casein phosphopeptide-amorphous calcium phosphate fluoride 
paste (CPP-ACPF) on the dental erosion produced by soft drink in primary and 
permanent teeth. Sixty extracted human primary molars (n = 30) and young 
permanent premolars (n = 30) were used in this study. Specimens were ground, 
polished and randomly assigned to one of three groups each of 10 according to the 
protective agent used: APF gel (1.23% F), NaF varnish (0.1%F), and CPP-ACPF 
paste (0.2%F). Half of the exposed enamel surface was protected with adhesive tape 
during the treatment of the remaining surface according to their group. Six daily 
demineralization–remineralization cycles of 5 minutes of immersion in a cola drink 
(pH 2.3) and 30 minutes in artificial saliva were conducted for 14 days. Surface 
Vickers Micro-hardness readings were recorded at baseline and 14 days later for 
both halves. And the results showed that all of the tested fluoride treatments were 
able to reduce erosive enamel loss in both primary and permanent tooth. Primary 
and permanent enamel substrates reacted differently to different fluoridated 
compounds. 
 
Moretto MJ38 et al (2010) evaluated the effect of dentifrices with different 
fluoride concentrations as well as of a low-fluoridated dentifrice supplemented with 
trimetaphosphate (TMP) on enamel erosion and abrasion. One hundred twenty bovine 
enamel blocks were assigned to the following experimental dentifrices: placebo, 
1,100 microg F/g, 500 microg F/g plus 3% TMP and 5,000 microg F/g. The groups of 
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enamel blocks were further subdivided into conditions of erosion (ERO) and of 
erosion plus abrasion (ERO + ABR). For 7 days, the blocks were further subjected to 
erosive challenges (immersion in Sprite 4 times a day for 5 min each time) followed 
by a remineralizing period (immersion in artificial saliva between erosive challenges 
for 2 hours). After every erosive challenge, the blocks were further exposed to 
slurries of the dentifrices (10 ml/sample for 15 s). Sixty of the blocks were 
additionally abraded by brushing using an electric toothbrush (15 s). The alterations 
of the enamel were quantified using the Knoop hardness test and profilometry. The 
results showed that the 5,000 microg F/g and 500 microg F/g plus 3% TMP 
dentifrices had a greater protective effect when compared with the 1,100 microg F/g 
dentifrice, under both ERO and ERO + ABR conditions.  
 
Poggio C41 et al (2010) evaluated the repairing potential of two toothpaste on 
enamel erosion produced by soft drink toothpastes (Sensodyne Pronamel and 
Biorepair Plus using Atomic Force Microscopy (AFM). Fifty extracted human central 
incisors free of caries were selected and divided in a treatment and a control half; they 
were kept in artificial saliva during whole experimentation. The treatment halves 
were divided into five groups; group 1: demineralization with soft drink; group 2: 
demineralization with soft drink + Pronamel; group 3: demineralization with soft 
drink + Biorepair Plus; group 4: intact enamel + Pronamel; group 5: intact enamel + 
Biorepair Plus. Specimen demineralization was carried on in 4 intervals of 2 min. The 
surface of each specimen was imaged by AFM and R(rms), root-mean-square 
roughness, and Maximum Depth of the cavities were registered. And the results of the 
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specimens of groups 1, 2, and 3 a showed statistically significant difference (P<0.01) 
in R(rms) and Maximum Depth values. It was concluded that the toothpastes tested 
(Pronamel and BioRepair Plus) offered a degree of protection from erosive drinks. 
 
Srinivasan N51 et al (2010) the aim of this in situ study was to compare the 
remineralization potential of pastes containing CPP-ACP and CPP-ACP with 900 
ppm fluoride on human enamel softened by a cola drink. Forty-five enamel 
specimens obtained from human third molar teeth were eroded in a soft drink for 8 
min and then attached to intra-oral devices worn by five volunteers. The specimens 
were subjected to three different in situ remineralization protocols using: (1) CPP-
ACP (Group I), (2) CPP-ACP with 900 ppm fluoride (Group II), and (3) saliva 
(Group III, control). Vickers microhardness measurements were obtained at baseline 
followed by demineralization and remineralization stages. Both CPP-ACP and CPP-
ACP with 900 ppm fluoride substantially remineralized the softened enamel, with the 
CPP-ACP and fluoride combination showing higher remineralization potential than 
CPP-ACP. The study confirmed the synergistic effect of fluoride with CPP-ACP on 
remineralization of eroded enamel.  
 
              Lata S, N O Varghese1 , Jolly Mary Varughese27 (2010) conducted an in 
vitro study on enamel blocks of human premolars with the aim of evaluating the 
remineralization potential of fluoride and ACP-CPP and the combination of ACP-
CPP and fluoride on early enamel lesions. The coronal part of each tooth was 
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sectioned into four parts to make 4 enamel blocks. The baseline SMH (surface 
microhardness) was measured for all the enamel specimens using Vickers 
microhardness (VHN) testing machine. Then the four enamel sections of each tooth 
were subjected to various surface treatments , i.e. Group 1- Fluoride varnish, Group 
2- ACP-CPP cream, Group 3- Fluoride + ACP-CPP & Group 4- Control (No surface 
treatment). A caries progression test (pH cycling) was carried out, which consisted of 
alternative demineralization (3hours) and remineralization with artificial saliva (21 
hours) for five consecutive days. After pH cycling again SMH of each specimen was 
assessed to evaluate the remineralization potential of each surface treatment agent. 
Then, to assess the remineralization potential of various surface treatments at the 
subsurface level, each enamel specimen was longitudinally sectioned through the 
centre to expose the subsurface enamel area. Cross-sectional microhardness (CSMH) 
was evaluated to assess any subsurface remineralization And they concluded that 
ACP-CPP cream was effective, but to a lesser extent than fluoride in remineralizing 
early enamel caries at surface level. Fluoride, ACP-CPP and their combination were 
not effective in remineralizing the early enamel caries at the subsurface level.  
 
Ferreira Sda S14 et al (2011) The aim of this in vitro study was to evaluate 
qualitatively the surface morphology of enamel bleached with 35% hydrogen 
peroxide (HP) followed by application of fluoridated agents. Forty intact premolars 
were randomly distributed into four groups (n = 10), treated as follows: Group I 
(control group) remained stored in artificial saliva at 37 °C, Group II - 35% HP; 
Group III - 35% HP + acidulated fluoride (1.23%) and Group IV - 35% HP + neutral 
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fluoride (2%). The experimental groups received three applications of bleaching gel 
and after the last application all specimens were polished. This procedure was 
repeated after 7 and 14 days, and during the intervals of applications, the specimens 
were stored in artificial saliva at 37°C. Scanning electron microscopy (SEM) analysis 
showed superficial irregularities and porosities to varying degrees in bleached enamel 
compared to control group. These morphological changes were higher after the 
application of 1.23% acidulated fluoride gel. 
 
STUDIES RELATED TO THE EFFECT OF NANOHYDROXYAPATITE ON 
ENAMEL SURFACE ROUGHNESS 
 
Li L30  et al (2008)  Conducted an invitro study to compare the conventional 
HAP and nano amorphous calcium phosphate (ACP). The results demonstrated the 
advantages of 20 nm HAP in enamel repairs. The results of scanning electron 
microscopy, confocal laser scanning microscopy, quantitative measurement of the 
adsorption, dissolution kinetics, and nano indentation, showed the strong affinity, 
excellent biocompatibility, mechanical improvement, and the enhancement of 
erosion-free by using 20 nm particles as the repairing agent. However, these repair 
effects were not observed when conventional HAP and ACP were applied. Clearly, it 
showed that nano HAP with a size of 20 nm shared similar characteristics to the 
natural building blocks of enamel so that it may be used as an effective repair 
material and anti caries agent.  
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Anut Itthagarun20 (2010) conducted an invitro study to compare the de-/re-
mineralization effects of nanoparticle hydroxyapatite toothpaste, and with those of 
Sodium Fluoride. Sound extracted molars had been painted, leaving a 1-mm wide 
window, and placed in a demineralizing solution for upto 96 hours to produce 100 to 
120 μm deep artificial carious lesions. The teeth were split longitudinally (100 to 150 
μm thick) and further divided into three groups (n=10 in each). Group A specimens 
had been treated with a non-fluoride toothpaste containing 10% hydroxyapatite; 
group B (negative control) specimens had been treated with a non-fluoride toothpaste 
containing 0% hydroxyapatite; while group C which had been a positive control 
specimens had been treated with a fluoride (950 ppm sodium fluoride) toothpaste 
with 0% hydroxyapatite.  The modified in-vitro pH-cycling model successfully 
revealed progression and mineral changes in initial enamel lesions. The results 
displayed that the application of  the 10% HAP and the 950 ppm NaF toothpastes 
further reduced the rate of lesion progression when compared with application of 
toothpaste without either active ingredient. 
 
Huang S, Gao S, Cheng L, Yu H19 (2010) evaluated the combined effects of 
nano-hydroxyapatite and Galla chinensis on remineralisation of initial enamel lesion. 
Bovine enamel blocks were used. The lesions were tested to pH-cycling test for 12 
days. The samples were divided into groups namely NaF which acted as a positive 
control, deionised water which acted as a negative control, crude aqueous extract of 
G. chinensis, nano-hydroxyapatite and GCE with nano-HA. The samples were 
subsequently evaluated using a microhardness tester, polarised light microscopy 
Review of literature 
 
 Page 24 
 
(PLM), X-ray diffraction (XRD) and scanning electron microscopy (SEM). Surface 
hardness measurements and the integrated mineral recovery value obtained from 
cross-sectional microhardness test (CSMH) revealed that all the treatment groups had 
significantly greater effect on improving remineralisation than that of the negative 
control group. In GCE-nano-HA combined treatment group, more mineral deposition 
was observed in the body of the lesion and the lesion depth had been reduced 
significantly. Meanwhile, greater mineral deposition in the outer portion of the lesion 
was observed by them in comparison with GCE group. The results of XRD and SEM 
had showed that GCE was able to influence the deposition and adsorption of nano-
HA. So, They had concluded that there was a significant additive effect of combined 
GCE and nano-HA treatment on promoting the remineralisation of initial enamel 
lesion. 
 
Peter Tschoppe55 a et al (2011) investigated the effects of NHAP toothpastes 
on remineralization of both the enamel and the dentine subsurface lesions. Specimens 
were demineralized and they were randomly divided into five groups, and exposed to 
an aqueous remineralizing solution for two weeks and five weeks respectively (37 
oC). Brushing procedures were performed with the respective toothpaste. Storage in 
remineralizing solution only (0), additional brushing with B (20 wt% zinc carbonate 
nano-hydroxyapatite, ZnCO3/n-HAp); BS (24 wt% ZnCO3/n-HAp); E (0.14 wt% 
amine fluoride); or A (7 wt% pure n-HAp). Differences in mineral loss (DDZ) before 
and after storage/treatment were micro radio graphically evaluated. Result showed 
that Dentine groups of 0, B, BS, and A had actually showed significantly higher DDZ 
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values compared to the E. Enamel DDZ values of group A were actually higher 
compared when to the other group,  whilst no significant differences of these groups 
could be observed when compared to 0, B, and they had further concluded in their 
study that with the in vitro conditions chosen, toothpastes containing n-HAp revealed 
higher remineralizing effects compared to amine fluoride toothpastes with bovine 
dentine, and comparable trends were obtained for enamel. 
 
 
A.C.P. De Freitas40 et al (2011) conducted a study to evaluate the roughness 
and gloss alterations of enamel after treatment with 38% Hydrogen Peroxide (HP) 
and after polishing with 2% Neutral Sodium Fluoride (SF) or a dental toothpaste 
containing Nanohydroxyapatite particles (nHA) using power spectral density (PST) 
description roughness parameters (RA, RMS and RZ) and gloss analysis were made. 
An atomic force microscope (AFM) spectra Photometer were used to analyse 18 
Specimens of upper incisors. 9 Specimens were polished with SF (Group Fluor) and 9 
specimens were polished with nHA (Group nHA). Then all the specimens were 
analysed for roughness and gloss alteration. No statistical difference were found for 
RA and RMS among initial and after bleaching and after polishing in both groups for 
RZ group nHA showed significant decrease after polishing. Gloss showed significant 
increase after polishing with nHA.  
 
Mielczarek and Michalik36 (2014) conducted an invitro study to evaluate the 
effect of two dentrifice on enamel surface. Enamel specimens were divided in equal 
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numbers to three groups (two test and one control). Initial micro hardness (SMH) of 
enamel surface was assessed by Vickers method while a profilometry was used to 
evaluate the surface roughness (Ra). Enamel specimens were subjected to preliminary 
demineralization and the mean value of the SMH and Ra value were further observed. 
The three groups, Nanohydroxyapatite (nHAP) group, Fluoride group and Control 
group underwent three week cycle of pH changes according to the protocol upon 
completion of treatment period micro hardness and roughness were re measured. 
They evaluated significant reduction of SMH level in all the groups following 
demineralization and increase of SMH value after remineralisation therapy. 
Following demineralization specimens exhibited some degree of surface roughness 
and the fluoride group showed a slight decrease in roughness following 
remineralisation whereas nHAP group showed a significant reduction of enamel 
roughness after treatment.  
 
Selivany , Bahar Jaafar | Al-Hano , Fadi46 (2015) Conducted an invitro 
study to evaluated the effect of toothpaste containing nano hydroxyapatite, NovaMin 
and kin sense fluoride on surface roughness of human tooth enamel after laser 
bleaching with 35% hydrogen peroxide bleaching gel. Twenty numbers of human 
enamel incisors were cleaned and their labial surfaces were polished up to #1200, 
then categorized into four equal groups. First group kept without bleaching as a 
control group, while the remaining three experimental groups were bleached with 
35% hydrogen peroxide, and each group treated with a restore paste which had one of 
the following, nano hydroxyapatite, NovaMin, and Kin fluoride. It was bleached with 
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laser hybrid system (DMC Whitening Lase II, Sao Paulo, Brazil). Enamel roughness 
values were assessed by an atomic force microscopy (AA3000, Bosten, USA) before 
and after treatment with restore tooth paste. The results showed highly significant 
statistical differences of remineralization of all types of restore tooth pastes. And they 
concluded that Nano hydroxyapatite paste exhibiting a higher ability to reduce the 
surface roughness after laser bleaching than other tested pastes. 
 
Maryam Khoroushi, Farinaz Shirban, Samaneh Doustfateme, Sara 
Kaveh33  (2015) conducted an in vitro study was undertaken to compare the effects of 
three nanobiomaterials on the enamel surface roughness subsequent to bleaching.  
The crowns of six extracted intact nonerupted human third molars were sectioned.  
The enamel areas from all the specimens were divided into five groups (n = 6): Group 
1 did not undergo any bleaching procedures; Group 2 was bleached with a 40% 
hydrogen peroxide (HP) gel; Groups 3, 4, and 5 were bleached with a 40% HP gel 
modified by bioactive glass (BAG), amorphous calcium phosphate, and 
hydroxyapatite, respectively. The enamel SR was evaluated before and after treatment 
by atomic force microscopy. The data were analyzed by Kruskal–Wallis and Mann–
Whitney tests. Surface roughness increased significantly in the HP group. Surface 
roughness decreased significantly in the HP gel modified by BAG group as compared 
to other groups. They concluded that each one of the three test biomaterials proved 
effective in decreasing enamel surface roughness subsequent to in-office bleaching 
technique. 
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Mohammad Bagher Rezvani37 et al (2015,) Conducted a study to evaluate 
the effect of nano-tricalcium phosphate (n-TCP) and nanohydroxyapatite (n-HAP)on 
prevention of restaining of enamel after dental bleaching. A total of Forty numbers of 
bovine incisors were bleached with 20% carbamide peroxide for two weeks, they 
were grouped into five different groups based on remineralization solution, no 
treatment (control), 10% n-TCP, 5% n-TCP, 10% n-HAP, and 5% n-HAP. Each 
group was daily immersed for 10 minutes in the restaining solution (tea) and for 3 
minutes in the remineralization agent. This procedure was repeated for five days. 
Three digital photographs as per the baseline, after bleaching, and after restaining had 
been analyzed by Photoshop software following the procedure. The obtained 
parameters were compared using ANOVA and Wilcoxon and Bonferroni tests. After 
bleaching, there were significant changes in tooth colors while, after restaining and 
immersion in remineralization solutions, there were no significant and they concluded 
that 10% n-TCP maintained the resultant color and reconstructed the enamel structure 
after bleaching. 
 
Ajmi48 et al (2016) conducted an invitro study to evaluate the effect of 
Nanohydroxyapatite (nHAP) serum on enamel surface roughness and tooth colour 
stability after orthodontic debonding procedures. Where the crown of 30 premolars 
were evaluated for primary roughness by an atomic force microscope after bracket 
debonding and polishing procedures second roughness parameters were recorded. 
Specimens were grouped into two equal groups. Nanohydroxyapatite Serum and HAP 
toothpaste were applied for 10 days. The first and second groups and final roughness 
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parameters were measured. Colour parameters were measured following one week 
immersion in coffee solution. They concluded that orthodontic bonding and 
debonding procedures increased enamel surface roughness and that the Nano HAP 
serum and HAP toothpaste could not restore enamel surface roughness to its original 
condition. Nano HAP group was also not able to improve enamel colour stability after 
orthodontic debonding.  
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MATERIALS AND METHODS 
 
MATERIALS USED 
 
• 40 maxillary first premolars that were extracted for orthodontic purpose. 
• Nanohydroxyapatite paste (Apagard, Premio, Sangi, Japan) 
• Fluoride paste (Amflor, Group Pharma) 
• Artificial Saliva (ICPA Health Products) 
• Stainless Steel Brackets MBT.022 Slot (3M Gemini) 
• Etching Agent (3M ESPE SCOTCHBOND) 
• Primer (3M UNITEK) 
• Adhesive Resin (TRANSBOND XT 3M, UNITEK, Monrovia, CA, USA) 
• Light Cure Unit (Dent Mark, India) 
• Fine Pumice 
 
INSTRUMENTS USED 
 
• Bracket Holder 
• Applicator tip for Primer 
• Contra Angle Hand piece 
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• Rubber Cup 
• Sickle Probe 
• Chip Blower 
• Debonding Pliers 
• Magnifying Glass 
• Tungsten Carbide Burs 
 
EQUIPMENT USED IN THE STUDY 
 
NON CONTACT 3D PROFILER  (TALYSURF CCI LITE, TAYLOR 
HOBSON) 
 
The Talysurf CCI Lite which is one of the latest and advanced type of 
measurement reading interferometer. It uses an innovative, patented correlation 
algorithm to find the coherence peak and phase position of an interference pattern 
produced by our precision optical scanning unit. 
 
The Talysurf CCI Lite which is used as an important equipment for many 
medical applications which requires high precision of 3D profile analysis. 
 
Versatility is one key benefit of the Talysurf CCI Lite. Polished and or rough, 
whether curved, flat or stepped surfaces with reflectivity between 0.30% and 100% 
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can precisey be measured using one single algorithm. Radius of laser spot is about 0.2 
µm so that it can measure the roughness that a contact type cannot perform. It can 
detect minute irregularities and more over it has no impact on the state of surface 
unlike the contact type which may scratch the surface of the sample. So it is possible 
to obtain accurate values.  
 
METHODOLOGY 
 
The sample consisted of 40 premolars that were extracted for orthodontic 
purpose and the samples were divided into two test groups. Each group consisted of 
20 specimens.  
 
STUDY DESIGN 
 
The study was divided into two groups (Experimental study). 
- 20 Premolars in each study group (20 X 2 = 40) 
 
GROUPS 
 
Group I - NHAP Group - Consists of 20 specimens brushed with NHAP paste 
for 10 days 
Group II –F group – Consists of 20 specimens brushed with fluoride paste for 
10 days 
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PREPARATION OF THE SAMPLE 
 
40 Human premolars  extracted for orthodontic purposes were selected 1 
month prior to study and stored in artificial saliva.  
 
INCLUSION CRITERIA  
 
1. All teeth had intact buccal enamel and were free of caries lesions and 
large restorations. 
2. No history of fracture while extracting by forceps. 
3. No evidence of enamel cracks as examined by fiber optic 
transillumination.  
4. Not treated with chemical agents. 
5. All the teeth were obtained from 14 – 17 years of age group. 
The samples were cleaned and stored in artificial saliva in room temperature. 
Roots of the teeth were removed at the cementoenamel junction by diamond 
bur and crowns were embedded horizontally in self cure resin blocks and the exposed 
enamel surface were cleaned and polished by a rubber cup and a slurry of non 
fluoridated pumice washed for 30 seconds and dried for 10 seconds with oil free air 
spray. 
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All the samples were assessed for initial surface roughness T0, by Non contact 
3D Profiler. After initial evaluation, the teeth were subjected to etching agent 37% 
Phosphoric Acid Gel (3M ESPE SCOTCHBOND MULTIPURPOSE ETCHANT) for 
15 seconds and rinsed with water spray for 15 seconds, air dried for 2 seconds with 
oil free compressed air, thin layer of primer (Transbond XT, 3M UNITEK, 
MONROVIA, CALIFORNIA, USA) and the adhesive resin was applied in the 
premolar bracket base. And the brackets were firmly placed in place and the 
excessive resin were removed and light cured for 10 seconds from each edge of the 
brackets for a total exposure time of 40 seconds. 
 
The samples were stored in artificial saliva at room temperature for 24hrs to 
ensure complete polymerization. 
 
Brackets were peeled off with hand plier, remnant resin were removed with 
tungsten carbide bur, operated in a low speed and air cooling and finally polished 
with rubber cup, slurry of pumice for 10s. Complete removal of residual resin was 
confirmed by visual inspection and the light of dental operating chair. 
 
After completion of cleanup procedures, the surface roughness were registered 
again by Non contact 3D Profiler to register roughness parameter T1. 
 
  Group I were brushed manually with NHAP paste for 20 seconds and rinsed with 
water for 10 days. Second group were brushed with Fluoride tooth paste for 20 
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seconds manually with horizontal technique for 10 days. Third roughness parameter 
were registered for these groups (T2). 
 
Three roughness parameters were registered as follows, 
• Average roughness value (Ra): Arithmetic mean of height of peaks and depths 
which describes the overall surface roughness. 
• Root Mean square roughness (Rq): The height distribution relative to the 
mean line. 
• Maximum peak to value height (Rz) 
 
ANALYSIS OF SURFACE ROUGHNESS 
 
Surface roughness was investigated by Non contact 3D Profiler (TALYSURF 
CCI LITE, TAYLOR HOBSON), (MECHANICAL DEPT ANNA UNIVERSITY 
CHENNAI) . Surfaces were quantified using the latest recognised parameters for both 
3D and 2D surface characterisation. 
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RESULTS 
STATISTICAL ANALYSIS 
 
Statistical analysis was performed with statistical package for social science 
(SPSS version 22, Chicago, IL, USA). The data was assessed for normality by 
Shapiro – Wilk Test and Levene’s homogeneity of variance. Based on the distribution 
of data, appropriate statistical test was used. Descriptive statistics were obtained for 
each group mean, Standard Deviation and level of significance were determined. As 
the data were non normal in distribution, non parametric test like Mann–Whitney test 
and Friedman Test were used for inter group and intra group comparison. And the test 
was done with level of significance at P=0.05. 
 
The following parameters were analysed.  
 
• Roughness parameters of enamel sample before and after the application of 
Nanohydroxyapatite paste were analysed after orthodontic debonding. 
• Roughness parameters of the sample before and after application of fluoride 
paste were also analysed. 
• Comparison of the roughness parameters were done between the study groups. 
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EFFECT OF NANOHYDROXYAPATITE DENTRIFICE ON ENAMEL 
SURFACE ROUGHNESS AFTER ORTHODONTIC DEBONDING 
 
Average roughness value of enamel surface after debonding procedure was 
0.3629 ± 0.02391 and after paste application was 0.2611 ± 0.02541 and the P value 
was 0.000 (< 0.005). Root mean square roughness value of the enamel surface 
following debonding was 0.4519 ± 0.0119 and after paste application was 0.3270 ± 
0.01736 and the P value was 0.000 (< 0.005). Results of maximum peak to valley 
height after debonding was 1.92793 ± 0.048896 and that after paste application was 
1.927 ± 0.05157 and the P value was 0.000 (< 0.005). 
 
EFFECT OF FLUORIDE DENTRIFICE ON ENAMEL SURFACE 
ROUGHNESS AFTER ORTHODONTIC DEBONDING 
 
Average roughness value of enamel surface after debonding procedure was 
0.3647 ± 0.024 and after paste application was 0.3132 ± 0.028 and the P value was 
0.000 (< 0.005). Root mean square roughness value of the enamel surface following 
debonding was 0.4491 ± 0.01942 and after paste application was 0.4235 ± 0.01880 
and the P value was 0.000 (< 0.005). Results of maximum peak to valley height after 
debonding was 1.9556 ± 0.047983 and that after paste application was 1.94673 ± 
0.01474 and the P value was 0.604 (> 0.005). 
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COMPARISON BETWEEN NANO HYDROXYAPATITE GROUP AND 
FLUORIDE GROUP ON ENAMEL SURFACE ROUGHNESS AFTER 
ORTHODONTIC DEBONDING 
 
Mann – Whitney test and Friedman Test were used to compare the effects of 
NHAP Paste and Fluoride paste on enamel surface roughness. Data showed that there 
was significant interaction between the treatment and time variables for all roughness 
parameters except between Rq T0 and T2 of NHAP group and Rz T1 and T2 of 
Fluoride group. Flouride group showed slight decrease in roughness following 
treatment whereas NHAP group showed a significant reduction of enamel roughness 
after treatment. 
 
Thus NHAP paste showed the higher potential to reduce surface roughness 
after treatment when compared to Fluoride paste and this difference was stastiscally 
significant. 
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TABLES AND CHARTS  
 
TABLE 1. TEST OF NORMALITY 
  Shapiro-Wilk  
Paste  Statistic df Sig. 
RaT0 NHAP 0.858 20 0.023 
 Fluoride paste 0.858 20 0.023 
RaT1 NHAP 0.963 20 0.747 
Fluoride paste 0.963 20 0.751 
RaT2 NHAP 0.843 20 0.014 
Fluoride paste 0.934 20 0.317 
RqT0 NHAP 0.981 20 0.975 
Fluoride paste 0.981 20 0.975 
RqT1 NHAP 0.944 20 0.431 
Fluoride paste 0.948 20 0.490 
RqT2 NHAP 0.916 20 0.168 
Fluoride paste 0.958 20 0.662 
RzT0 NHAP 0.846 20 0.015 
Fluoride paste 0.846 20 0.015 
RzT1 NHAP 0.927 0.2 0.247 
Fluoride paste 0.74 20 0.001 
RzT2 NHAP 0.807 20 0.004 
Fluoride paste 0.944 20 0.432 
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TABLE 2. TEST OF HOMOGENEITY 
 Levene Statistic df1 df2 Sig. 
RaT0 0 1 28 1 
RaT1 0.001 1 28 0.974 
RaT2 0.113 1 28 0.739 
RqT0 0 1 28 1 
RqT1 3.351 1 28 0.078 
RqT2 0.069 1 28 0.795 
RzT0 0 1 28 1 
RzT1 13.203 1 28 0.001 
RzT2 16.248 1 28 0 
 
TABLE 3. (Ra)DESCRIPTIVE STATISTICS FOR AVERAGE ROUGHNESS 
Paste  RaT0 RaT1 RaT2 
NHAP Mean 0.2534 0.36287 0.26607 
 
Std. Deviation 0.02289 0.02391 0.0254 
 
N 20 20 20 
 
Minimum 0.223 0.323 0.238 
 
Median 0.248 0.366 0.256 
 
Maximum 0.288 0.399 0.316 
Fluoride 
paste 
Mean 0.2534 0.36467 0.3132 
 
Std. Deviation 0.02289 0.02495 0.02817 
 
N 20 20 20 
 
Minimum 0.223 0.327 0.278 
 
Median 0.248 0.364 0.308 
 
Maximum 0.288 0.41 0.366 
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TABLE 4. (Rq) DESCRIPTIVE STATISTICS FOR ROOT MEAN SQUARE 
ROUGHNESS 
Paste  RqT0 RqT1 RqT2 
NHAP Mean 0.3124 0.45193 0.327 
 
Std. Deviation 0.01605 0.01199 0.01736 
 
N 20 20 20 
 
Minimum 0.28 0.437 0.306 
 
Median 0.31 0.45 0.323 
 
Maximum 0.34 0.476 0.361 
Fluoride 
paste 
Mean 0.3124 0.44913 0.42347 
 
Std. Deviation 0.01605 0.01942 0.0188 
 
N 20 20 20 
 
Minimum 0.28 0.42 0.392 
 
Median 0.31 0.448 0.425 
 
Maximum 0.34 0.48 0.455 
 
TABLE 5. (Rz) DESCRIPTIVE STATISTICS FOR MAXIMUM PEAK VALUE 
Paste 
  RzT0 RzT1 RzT2 
NHAP 
Mean 1.6216 1.92793 1.69273 
Std. Deviation 0.08861 0.0489 0.05157 
N 20 20 20 
Minimum 1.51 1.848 1.641 
Median 1.59 1.938 1.675 
Maximum 1.764 1.996 1.782 
Fluoride 
paste 
Mean 1.6216 1.9556 1.94673 
Std. Deviation 0.08861 0.04798 0.01474 
N 20 20 20 
Minimum 1.51 1.86 1.925 
Median 1.59 1.98 1.946 
Maximum 1.764 1.996 1.969 
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TABLE 6. 
MANN-WHITNEY TEST NON PARAMETRIC TEST  FOR INTERGROUP 
COMPARISON 
 Mann-
Whitne
y U 
Wilcoxon 
W 
Z Asymp. 
Sig. (2-
tailed) 
Exact Sig. 
[2*(1-tailed 
Sig.)] 
RaT0 112.5 232.5 0 1 1.000b 
RaT1 107.5 227.5 -0.207 0.836 .838b 
RaT2 25.5 145.5 -3.611 0 .000b 
RqT0 112.5 232.5 0 1 1.000b 
RqT1 102 222 -0.436 0.663 .683b 
RqT2 0 120 -4.669 0 .000b 
RzT0 112.5 232.5 0 1 1.000b 
RzT1 67.5 187.5 -1.867 0.062 .061b 
RzT2 0 120 -4.667 0 .000b 
 
a. Grouping Variable: paste 
b. Not corrected for ties. 
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Table 7. 
FRIEDMAN’S  TEST FOR INTRAGROUP COMPARISON USING  DUNN’S 
POST HOC TEST (NHAP) 
Groups Parameters Friedman Pairwise 
Comparison 
P Value Significance  
  Statistic (Fr Value)  Level 
   
RaT0 Vs 
RaT1 
P<0.001 *** 
 Surface 
Roughness (Ra) 
29.525 RaT0 Vs 
RaT2 
P<0.050 * 
   
RaT1 Vs 
RaT2 
P<0.050 * 
   
RqT0 Vs 
RqT1 
P<0.001 *** 
NHAP Mean Square 
Roughness (Rq) 
27.763 RqT0 Vs 
RqT2 
P>0.050 NS 
   
RqT1 Vs 
RqT2 
P<0.010 ** 
   
RzT0 Vs 
RzT1 
P<0.001 *** 
 Peak Value (Rz) 30 RzT0 Vs 
RzT2 
P<0.050 * 
   
RzT1 Vs 
RzT2 
P<0.050 * 
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Table 8. 
FRIEDMAN’S  FOR INTRAGROUP COMPARISON USING   DUNN’S POST 
HOC TEST (FLUORIDE) 
Groups Parameters Friedman Pair wise 
Comparison 
P Value Significance  
  Statistic (Fr Value)  Level 
   
RaT0 Vs 
RaT1 
P<0.001 *** 
 Surface 
Roughness (Ra) 
30 RaT0 Vs 
RaT2 
P<0.05 * 
   
RaT1 Vs 
RaT2 
P<0.05 * 
   
RqT0 Vs 
RqT1 
P<0.001 *** 
Fluoride Mean Square 
Roughness (Rq) 
30 RqT0 Vs 
RqT2 
P<0.05 * 
   
RqT1 Vs 
RqT2 
P<0.05 * 
   
RzT0 Vs 
RzT1 
P<0.001 *** 
 Peak Value (Rz) 24.133 RzT0 Vs 
RzT2 
P<0.01 ** 
   
RzT1 Vs 
RzT2 
P>0.05 NS 
  
* Means significant at 0.05,  
** Means highly significant at 0.01,  
*** Means extremely significant at 0.001, 
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DISCUSSION 
 
The influence of the enamel surface after orthodontic treatment is inevitable. 
Potential detrimental effects of debonding on surface enamel either during bracket 
debonding or removal of remnants is an iatrogenic problem.  Preservation of 
maximum amount of enamel surface structure with least amount of enamel loss while 
debonding of brackets and polishing after orthodontic treatment is beneficial7,17,43,56.  
The outer most layer of enamel should be left as intact as possible after debonding 
since it has greater micro hardness and contains more minerals and fluoride than the 
deeper zone. On contrary the loss of surface enamel and associated exposure of 
enamel prism endings to the oral environment cause a decrease in the resistance of 
enamel to the organic acids in plaque. This eventually makes enamel more prone to 
demineralization.  
Brudevold, Koch6, Mellberg35 and Weatherell58  in their studies about the 
fluoride content of the enamel surface stated that the gradient from the surface inward 
is very steep, with the highest fluoride concentration on the surface layer, and the 
rapid decline in concentration in the first 20 µm of enamel. It would therefore seem 
desirable to maintain that much enamel after any treatment procedure.  
To maintain the enamel structure to its pretreatment condition and reduce the 
iatrogenic damage, correct bonding and debonding techniques are of fundamental 
importance. The important factors involved in debonding are the type of bracket and 
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the adhesive used, instruments used for bracket removal, and the armamentarium for 
resin removal. 
Several different procedures for debonding of these metal brackets with pliers 
are available. The recommended technique in which the brackets are not deformed is 
the technique that uses a peeling type force which creates peripheral stress 
concentrations that cause bonded metal brackets to fail at low force values. The break 
is likely to occur in the adhesive bracket interface, hence it is leaving the adhesive 
remnants on the enamel. 3M stainless steel brackets used in this study were debonded 
using debonding pliers by applying peeling type force from the gingival to occlusal 
direction at 45O angulations16.  
Finishing instrument also affected the surface roughness and hence tungsten 
carbide burs were used in the study to remove residual resins. This tool operated at a 
low speed produced the finest scratch pattern and least enamel loss. Various methods 
or bio materials helps to restore enamel surface to the original condition. NHAP with 
its chemical and structural similarity to the enamel in organic structure has been 
shown superior to the conventional synthetic fluoride in repairing damaged enamel30. 
The Nano scale HAP exhibits high surface energy and strong affinity to the enamel 
surface30,31.  
The beneficial effects of 2% neutral sodium fluoride after tooth bleaching on 
the decrease in surface roughness has been shown in his literature by Martin32 et al in 
2010. Jeng21 et al (2008) found that the roughness of fluoride treated enamel was 
restored to a value close to its original surface. Leandro28 (2008) reported that 
polishing bleached enamel with 2% neutral sodium fluoride did not change the 
Discussion 
 
 Page 50 
 
roughness value. There are no literature regarding the comparative effects of fluoride 
and Nanohydroxyapatite paste on surface roughness after orthodontic debonding 
procedure. 
Hence, this study examined the effects of toothpaste which included NHAP 
and Fluoride on enamel surface roughness after orthodontic debonding procedures.  
This study focused on evaluation only on surface of lesions since these are the areas 
where topical Nano particles might be expected to exert an effect.  
In this study Non contact 3D profiler (Talysurf CCI lite, Taylor, Hobson 
precision) was used to evaluate the surface configurations of enamel. This is accepted 
as a suitable method for analysis of hard surface for providing 3D topographic 
definition of surface roughness. This method involves a non invasive approach with 
minimal sample preparation. It also provides 2D and 3D images at the same time and 
it also allows re examination of the samples. The main advantage is that it provides 
quantitative information of the surface roughness. In this study quantitative 
measurement with non contact 3D profiler provided a comparative assessment 
between groups. 
Surface topography is three Dimensional. Some studies have employed two 
Dimensional technologies and have used only Ra value as a roughness indicator. 
White-head et al60 reported that Ra  was insufficient for registration of surface profile, 
as Ra values may indicate different roughness features and it cannot differentiate 
projections and depressions. Wennerberg et al also emphasized59 that 2D 
measurement were not sufficient and that a proper surface description should contain 
parameters from height and horizontal measurements. So additional roughness 
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valuables were needed to enhance the description of surface profile. In this study Ra, 
Rq and Rz were used as indicators of enamel surface roughness. This study was aimed 
to evaluate the effect of fluoride and NHAP dentifrice on surface roughness after 
orthodontic debonding. This study showed that all roughness variables increased 
following debonding and polishing procedures which were in consistent to the results 
of previous studies of Elidies11 and Ozer39. After 10 days of application of NHAP and 
fluoride dentifrice to the experimental groups surface roughness were again tested by 
Non contact 3D profiler.  
The average roughness value of the specimen in fluoride  paste group was 
0.3647 ± 0.024 after debonding and it was 0.3132 ± 0.028 after application of paste. 
And the P value was  < 0.005.Root mean square value of the specimen before and 
after treatment with fluoride was 0.4491±  0.01942 and 0.4235 ± 0.01880 and the P 
value was < 0.005. The peak valley height before treatment was 1.9556 ± 0.047983 
and after fluoride treatment was 1.9467 ± 0.01474 and the P value was > 0.005.  
Similarly the average roughness value of the specimens in NHAP group was 0.3629 ± 
0.02391 after debonding and it was 0.2661 ± 0.0254 after paste application. And the P 
value was < 0.005.Root mean square value before treatment was 0.4519 ± 0.0119 and 
after NHAP paste application was 0.3270 ± 0.01736 and the P value was < 0.005. 
Results of maximum peak value height before treatment was 1.9273 ± 0.048896 and 
after NHAP treatment was 1.6927 ± 0.0515 and the P value was < 0.005.Though both 
the groups showed decrease in roughness parameters after treatment , the group 
treated with NHAP paste  showed more effect on surface roughness than the fluoride 
paste.   
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The study finding  showed that the NHAP produced  decrease in all  surface 
roughness parameters than the Fluoride paste and the difference was statiscally 
significant.  This showed that NHAP paste had higher potential to reduce enamel 
surface roughness after treatment . These results were in consistent to the findings of 
Takikawa53 and Toko54 et al who reported that NHAP reduced bleaching related 
roughness and restored the enamel surface to the original state, though they evaluated 
the effect of NHAP on chemically induced roughness. Whereas in this study NHAP 
was used for mechanically induced roughness.  
However the effect of NHAP is expected to be surface specific and findings 
are suggestive of this, which supported the hypothesis of Lata27 et al. Hence it would 
be prudent to determine whether NHAP would alter the sub surface roughness. Since 
the effect of NHAP is limited to superficial enamel layer it is essential to determine 
whether its superficial effect is sufficient and satisfactory before recommending to 
orthodontic patient. 
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SUMMARY AND CONCLUSION 
 
 
The final procedure in fixed orthodontic treatment is the removal of all 
attachments from the teeth. Debonding procedures cause potential alteration of 
enamel surface which involve enamel loss and increased enamel surface roughness. 
Studies have revealed that NHAP could reduce the enamel surface roughness. This 
experimental study was carried out with 40 extracted human premolars out of which 
NHAP was applied on 20 premolars and fluoride paste was applied on 20 premolars 
after debonding procedures. The surface roughness were analysed for these samples 
using Non contact 3D profiler. The data was statistically analysed and the following 
conclusion were derived. 
 
• NHAP treated group showed decrease in all roughness parameters indicating 
its remineralisation potential on enamel surface. 
• Fluoride group also showed decrease in roughness parameters following the 
application of paste. 
• Surface roughness values of NHAP dentifrice treated group showed decrease 
in all parameters than the fluoride dentifrice treated group and this difference 
was statistically significant. 
• NHAP dentifrice can therefore be used after debonding procedures which can 
protect the underlying enamel from demineralization. 
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LIMITATIONS OF THE STUDY 
 
• As this is an in vitro study result may not correlate with the clinical situation. 
• The structure of enamel and their response to debonding varies between 
anterior and posterior teeth. 
• Since this study was conducted using premolars the result might not represent 
anterior teeth. 
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